INTRODUCTION
Recent development of bacteriological diagnostics has stimulated studies on so-called nonagglutinable vibrio (NAG vibrio) as causative organisms of cholera-like diarrheal disease. McIntyre et al. (1956) and Aldova et al. (1968) reported outbreaks of choleralike diarrhea caused by the vibrio in East Pakistan and Czechoslovakia respectively. An outbreak in Sudan has also been reported'-by WHO in 1969. Sakazaki et al. (1967) demonstrated that this kind of vibrio was able to produce cholera-like diarrhea in infant rabbits. According to Gardner and Venkatraman (1935) and Sakazaki et al. (1970) , morphological, physiological and biochemical characteristics of this and cholera vibrios are quite similar, and they cannot be distinguished from each other except in their somatic antigen.
There is a growing tendency to conclude that this and proper cholera vibrios should be categorized within a single species, 
MATERIALS AND METHODS
Bacterial strains: A total of 41 strains of V. cholerae, NAG was studied. Thirty-two strains collected in India and 4 in the Philippines were supplied by Dr. R. Sakazaki, National Institute of Health, Tokyo.
Five strains isolated in Sudan were supplied by Dr. Y. Zinnaka, Kyusyu University, Fukuoka.
All these strains were isolated from human cases of cholera.-like diarrhea and represented various serotypes (Sakazaki et al., 1970) .
In addition, a total of 18 strains of V. cholerae, serotype 1 including well-known toxigenic strains, 569B and B1307, was also used in this studies.
Three kinds of mutant or variant strains, Hikojima-L, the Inaba form derived from the Ogawa form, and A-variant, were also included in this collection.
Their antigenic characteristics were previously described (Fukumi et al., 1969) .
Culture media and growth condition: To test for the producibility of permeability factor, 3% Bacto-Peptone solution (pH 6.8) supplemented with 0.5% yeast extract and 0.5% NaCI was used.
Hundred milliliters of the medium in a 500-ml Erlenmeyer flask was inoculated with a suspension of an overnight culture of a test strain on nutrient agar. The inoculum size was approximately 104 viable cells. Cultivation was made at 30 C for 24 hr under aerobic conditions with constant shaking at 100 rev/min.
For production of the toxin in bulk, Casamino acids-yeasts extract dialysate medium of Kusama and Craig (1970) of blueing lesions were measured as already described. Rabbit antisera prepared against Toxin 569B and the toxin produced by NAG vibrio, strain Philippine-4. (Toxin 4) were used. A monospecific horse: antiserum against choleragenoid (Finkelstein; 1970) supplied by the courtesy of Dr. R. A. Finkelstein was also employed.
Test for permeability-increasing and hemorrhagic activities in microcirculatory bed of rat mesenterium:
Effects of the toxin on the microcirculatory system were tested according to the method of Yamaguchi et al. (1969) . The procedure has also been described by the present authors in more detail (Ohashi et al., 1971) .
Test for fluid accumulation in ileal loop: Rabbit ileal-loop tests were performed to demonstrate the fluid-accumulating activity of the toxin according to the method of Ogawa et al. (1968) . Two-milliliter portions of serially-diluted toxin were injected into the lumen of the ligated ileal loop. The ratio of the mean volume of accumulated fluid to the length of the ligated segment was taken as an indicator for the intensity of fluid accumulating response.
Test for lethal toxicity in suckling mice: This was carried out by the method described by Ujiiye et al. (1968) . Four-day-old suckling mice of ICR strain were employed.
Twenty-five-thousandth milliliters of a test sample was inoculated orally with a thin and soft vinyl tube connected to a syringe.
RESULTS

Production of Permeability Factor and Hemorrhagic Principle
by V. cholerae, NAG and V. cholerae, serotype 1
Permeability factor: As shown in Table I , 8 of 41 strains of NAG vibrios isolated from diarrheal patients in the Philippines, India and Sudan proved to elaborate the permeability factor in culture filtrate when tested in the guinea pig skin. However, the potencies of all filtrates were not so high; intracutaneous inoculation of 0.1 ml of the original or 10-fold diluted filtrate gave a reaction of about 15mm in diameter.
Even the most potent one, strain Philippine-4 (serotype 6), gave a reaction of only 10 mm in diameter at 1:200 dilution.
There was no correlation between their serotype and the permeability-factor production.
Under the same condition, of 18 strains of cholera vibrio tested, 13 proved to produce significant amounts of permeability factor (Table II) .
The activities of the culture filtrates of strains 569B and B1307 were very high, being on a level of 105 B. D./ml.
A typical representative of cholera vibrio, strain 41, and that of biotype eltor, strain P1418, produced considerably large amounts of the permeability factor. Cholera vibrio of rough form, strain CA385, also produced the factor.
A mutant Hikojima-L (strain P1418-0401) derived from the Ogawa form (strain P1418), a mutant Inaba form (strain P1418-UV401) of the same origin, and A-variant (strain P6973 -0122/3) originated from the Inaba form (strain P6973) retained the ability to ela -borate the factor to the same levels as their parents.
Although the culture filtrates of strain 35A3, V86, #17, P6973 and C21 contained potent permeability-increasing activity, the slope of dosage-response curve with these culture filtrate was signficantly steeper than that of the reference, Toxin 569B. In the light of the principle of bioassay, the activity of such culture filtrates cannot be determined in relative potency TABLE I Production of permeability factor and hemorrhagic principle by V. cholerae , NAG *Strain G12R proved to produce the permeability factor by Zinnaka and Carpenter (1971) was included in this group.
to a reference preparation. Therefore, their activities were expressed only qualitatively in the table. Strain NCTC8457, NCTC8021, C 14.S5 and 'EW-6 failed to produce a detectable amount of the factor under these conditions. Characteristics of Permeability Factor Produced by V. cholerae, NAG Strain Philippine-4 (Toxin 4) Permeability-increasing activity:
The permeability factor produced by NAG vibrio strain Philippine-4, which was most potent among the culture filtrates of the strains tested, was characterized in comparison with Toxin 569B.
In the guinea pig skin, Toxin 4 induced marked edematous induration in about 6 hr after the injection, reached a maximum in about 20-24 hr and then receded but persisted for several days. This induration, very similar in appearance to that induced by Toxin 569B, proved to be attributable to the increased permeability as shown by the indicator dye method.
The blueing lesions caused by Toxin 4 are shown in Plate 1 in comparison with those caused by Toxin 569B. Plate 1. Skin reactions in guinea pigs.
One-tenth ml each of a serially-diluted material was injected intracutaneously.
Twenty-three hours later, animals were injected intravenously with 0 .15ml of a 4% solution of Pontamine Sky Blue per 100g body weight.
The reactions were read 1 hr after the injection from the visceral side of the removed skin. The means of the responses in 10 animals were plotted. Vertical lines in the figure indicate the fiducial limits of each mean at a probability of 0.95. Ten animals were used in this titration. Vertical lines indicate the fiducial limits of the mean at a probability of 0.95. in Table III . When these preparations were administered orally to infantile mice of 4-day-old, fluid accumulation in the intestinal tract was observed within 2 to 3 hr, and the animals became less active and their skin wrinkled.
They died within 24 hr of diarrhea resulting in dehydration.
Appearance of the intestines with fluid accumulation is shown in Plate 2.
The LD50 calculated by Behrens-Karber's method, for Toxin 4, Toxin 569B and choleragen were 1.8 ml and 0.75 ml of original culture filtrate and 14 pg, respectively (Table. III) . Table  IV ).
Immunological Relationship among Toxin 4, Toxin 569B and Purified Choleragen
To clarify the immunological relationship between the toxins produced by strain Philippine-4 and strain 569B, neutralization experiments were carried out. The seriun prepared against each toxin was serially diluted by 10 times.
Each dilution was mixed with the same volume of each toxin in a constant dose. The test dose of toxin was so selected as to cause a blueing reaction of 16.5mm in diameter when 10.05ml is injected intradermally.
The test doses of choleragen and Toxin 569B corresponded to 100 B. D. After the incubation at 37 C for 60 min, 0.1 ml portions of each "mixture were injected intradermally into guinea pigs; reading the blueing responses was made as described. The neutralization curves are illustrated in Fig. 4 .
The effectiveness of antiserum at each level of dilution was expressed in terms of relative response in an average diameter of the blueing lesion produced by a mixture, taking .that of antiserum-free control as 100. As shown in Fig. 4A , antiserum against choleragenoid was able to neutralize both purified and crude preparations of cholera toxin completely at almost the same dilution of 1:1,000. However, it did not neutralize completely the activity of crude Toxin 4; in other words the reaction of about 60% in diameter remained even at the serum dilution of 1:10, which should contained 100 times as large as the amount of serum completely neutralizing the homologous toxin. Figure 4B illustrates the results with the antiserum against crude Toxin 569B. At 1:100 dilution, this antiserum neutralized completely not only homologous toxin preparations but also heterologous Toxin 4. At 1:1,000 to 1:10,000, however, this. serum only partly neutralized the activity of Toxin 4 leaving a reaction of about 60% in diameter unneutralized.
This corresponds to that left in neutralization withh anti-choleragenoid (Fig. 4A ). This antiserum, however, neutralized completely choleragen and crude Toxin 569B even at dilution in this range.
On the other hand, the antiserum against Toxin 4 was neutralized completely all three preparations, but affectiveness of this antiserum for heterologous preparations was about one-tenth that for homologous ones (Fig. 4C) .
Characteristics of Hemorrhagic Principle Produced by V. cholerae, NAG, Strain S21
The culture filtrate of strain S21 of NAG vibrio (serotype 37), when injected intradermally into guinea pigs, induced hemorrhage at the injection site (Plate 1). Hemorrhage started several minutes after the injection and reached its maximum in [18] [19] [20] 
DISCUSSION
According to the recent report of Zinnaka and Carpenter (1971) , NAG vibrio isolated from diarrheal patients in Sudan produced an exotoxin responsible for permeability increase in the guinea pig skin. Independently, we demonstrated that some other strains of the vibrio isolated in India and the Philippines representing various serotypes also elaborated the permeability-increasing factor.
Although the strains producing the permeability factor were only about one-fifth of the strains tested, it is still inconclusive whether other strains are capable of elaborating the factor or not. Cultural conditions optimal for production of the factor by cholera vibrio may differ from one strain to another, and the yield of the factor in culture filtrate may also vary depending on the amount of a toxin-destroying substance produced concomitantly, as suggested by Kusama and Craig (1970) and Evans and Richardson (1968) . Moreover, as demonstrated in this paper, when culture filtrate contains a highly potent hemorrhagic principle together with the permeability factor, the activity of the latter may be invisible in the skin test due to the rapid effect of the former resulting in hemostasis in the area where hemorrhage has already occurred.
In addition to the permeability-increasing effect, the culture filtrate of a representative strain of the NAG vibrio, Philippine-4, showed fluid accumulation in the ileal loop test and caused fatal diarrhea in suckling mice. Our assumption that the cultures of NAG vibrio isolated from cholera-like diarrheal cases may also produce an exotoxin responsible for the choleraic manifestation was verified in this investigation.
In the comparative studies of the toxins produced by both vibrios for their permeability-increasing activity in the skin, we adopted the method of parallel line assay, which revealed that the slopes of the dosage-response curves given by the two were not parallel each other.
This finding suggests that (1) the two toxins, Toxin 4 and Toxin 569B, are alike in their effect on vascular permeability but different in their mode of action, (2) both toxins contain a common permeability factor and perhaps also certain substance(s) enhancing or reducing the effect of the factor, or (3) molecules of those permeability factors are different in structure or in size, or have been modified during the preparation or the storage.
On the other hand, neutralization experiments demonstrate that the two toxins are closely related each other immunologically.
This finding supports the second of the three alternative assumptions mentioned above; the crude culture filtrate of NAG vibrio, strain Philippine-4, contains at least two factors participating in its permea- 
